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seDriconductor^-Sto? S^T"? *? 801 tutors or^S at « daCed Sea- 

ttle process fcw 77 . Mr se «won and circuits, and tractive for ^«!L*^r jr** 8 *" afB particularly at- 

product thin sinS^SSj sE ST"* 8 *^ 80 * of Sfficon i.* 0 ? 1 * 5 O^nge of Thin- 

grates. See, fof G^^T*^* Ai*3£ l&nf, f Matrices," 




process. Also, , 
P««ical BJTs «, oe jk 
n«*er discussed below 



I eX1» ^ T veot L oaaI fau * silicon wafer *H1 less favorable. Ffe wi ZEr^?-^ 
Transistp« fabricated in SOIfii™. » m ^ ba ^ c« to orto t^m^ 19 * 1 "? 8 

Parasiticdevke SemL^ - * ? 1Con de vi«s- These *to*rE5£ '^S^LSS*^** 5 IEEE 

SvMtaofS cot?^ mC > de «o"ector substrate reported proceS fll^' <P«" »«* The 

whtt'SfbX d22f ^ Ub ? rate leaka S e <W»* *35 at^^^^ 0 *"* <T °»<^ wafers 
vices. S<fcr ,U . ! »??! ( ? WPO^ so wSprodS aSrfjT ^ d «" 

silicon iiuegrated S^,^ MtS CMOS "^noliAic process JUst£?££ =on-on-onde film. However, this 

field « 3 S^ a ^» UtS J? n undesirable for ^r^, deSUabIe P^P^es of a glass 

taw. * iS^t S i0 7£ ,raWe large voU d«S i^.^ ^ ^ 

parasitic capacitances anfe^nd^ ^ 0ther W ° rk of a S^atS^ FEZ? * °° nCem - 

circuit speed SOT i • < ?' CUMS that decrease Isolation of sn«v^k> m Jr AnOioay, "Dielectric 

of thesc^&d^!?" ^f^teorreducc many 4^»LSSa7 * ODdin &" Of 

^ ironts to be febneated m a Process for '« S a ^j!^ 1 J d fAa*ied Bonding 

SOI device are also attractive as candid / . 60 ^^^iJ^S^S. fc^g" *^ °/ 
voltage applications. I n -ttSS^rfSSKl** 'l* 1673 -"77 (Aug. 19861 * l33 ' ^ 8 ' » 

. ttrsszsss ttaiJSfiKis: ~— 

factor. tl^jaSS^^ bee0 ^ a ,toitin « ^^Kto^h?" w l ,r ^ sdu f eis acd »^»^- 
. because the substrate ? such parasitic elements «J desired to^«S? P ' **** ^osed volumes are 

ogywinano^etor^S^^^ 116 ^ SSS^S^JSP ^ the ™ d »»^e^ 
a much smaller ar« ^dM^*l ^ V ^ Bc dcvice8 ta ^bstrate-^L^f^ ^ uired - oft *» ^ese "g^ 
area, due u» tbe reduced .solatiou area ^ ...^K B32f for sig- 

B» muiupiemng and interfacing with other 
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electronic cireuits. With presently available technol- 

r poached to the glass substrate in a beam-lead, hybrM 

generrfty require more area than if the circuit could be 
formed directly on the glass substrate, a goal which 

crease die number of devices which could be processed 
at one tune in a batch run, and increase relfebiUty due to 
taoS to ^ "terco^ecS 
result Perf0n " anCC **** precision could also 

°T ent - 801 tBchni <f*» lo not offer very 
good film umfomnty or crystallinity over the area ofan 
entire chin, let alrm* w™»^»or.att 
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to ^^fa* 6 a ?° d i C bpD, *« of2ul ™*«btor member 
ta an etched pasavating layer covering surfaced. 

V 21 ^ 34 to WaUis Caches the electro- 
static bondtagofasilicon wafer containing etchodc^t 
ties and diffused inteerntwt ^. .u c "*-««<icavi- 

monocrystalhne silicon. However, the silicon wafer Is 
^Lfe 4 th * ta «8«« circuits are floWon a 
SLlSSLT ****** *• bonded to° he 

fabSckS"^ 0 - 4 f 6 'r 68 to X BIack * * the 
Zs^nl: » Miniature 



^ - . ~ — — VJ w * ^* jro«oAUiiiLy over tne area of an fnKr,^^- r % — — ***«ww ai. leacoes the 

entire chip, let alone over an entinfwafer. Threat? U SS^nlf j*^ of ****** micromunature 

reduces yield and makes corwtiercializandn of SOI ESSE k "j?" by J? mmfi *wo silicon wafers by elec- 

^« economically impractical fox aU out SSL^^ Pri ° r to . the first wafeTfa 

most exotic applications where normal cost insider , *° *°? n a P*»«Uty of resistor arrays coated 

ations do not apply, I cost cons,der- wrtt a layer of phosphosflicate glass toprot e « 3 p*nluS 

In an effort to overcome the foregoing problems we 20 ^^inination by mobiksodhnn 

crystal thin semiconductor films on an insala^Rsubl 2??! y m im J PWcessing steps. A first layer of 

stote, especially glass, which has electrr^rojeSS SveT^ ^ dep0sked between ^ two glass 

v ^s^totr*tbiulccrystau^ese^ 55?£? appeare f vei y wl "«« » the first wafer eS 

mad^ofthe^ m ^ riak . In ^ c ™^^^? m *Jje ^fi 100 ? near the resistor arrays. A second larorof 

seniicc^nctor^msufetorstracru^^ " S^^f "loathe b^^ 

sequent fabrication of mglwualit^lertronfc d«Jr« 31111 se<xwd dununum layers 

thereon such as field eflecrtraS™ uSffiiSmS Ef^ 40 ^ fo 50 vo3t DC ™lWte electtosteticX 

^on transfa^Our earlier work faKSSSK n^SS?'"* ^ « *■ iSSES 

bondmg of a silicon wafer, upon which faepKnv 30 S.^i" 5 *' of *° Becond *»ftr. After flris 

E"*^ of any tWcW* to S Sfcffl' f CM, P 0 * » then processed * 

nmg of the bonded wafer to retain only the smeleJr^. mentjpn Fornnng active electronio devices or 

tal ffla and doprng^cMthre etchanta are pr^S 3S ^n^, .wire-bonded to external circintT^ 
. Wed to accomplish the tlnnnlng of the waferA^™ k ^•° ,lr eweninenis, we found that the electrostatic 

sOiconnttride and is bonded Utween tie^^^er ^^^t^ havoc the-icS* S 

!^™J !b8S ' k . raed *o Pwvent tramp alkali from £ EtZS? ^ ^ctronic devices, such as transis- 

glass substrate from ccntainmaring the silicon ««£.r£i tf* 8 " ot the circnitry. For example, the interface be- 

hj-er. The resulting singtecS W *Sc2Sa! a ^^ f S? , ^ ryStal 

been used to fabricate prototype NMC^tStoS \. fUd . ^ is often tmi^dictab^ 

shown to have channel moMTitfes 5 WO cmV^^ «*m8 the threshold voltage v£rftted£ 

: ^^^tslessthanir^.^^ SilWr'^'SK 

wA dmensions of 25 microns by 25 rhicronTw^have 45 £"* ^ havc ^o observed thk 

^worked wiU, bipolar jJ^S^'S^- Sft*^ bonding has upo^ 

from the aforementlbned smgle^tallOT^tnicftmf S-Iha orcuits. which would help eiphrin why.out 

ftSS"?^ US - Patent applicationTthe SSffS^S^S*--" 1 economical »»d cotmnercnuly 

first of which is Ser. No. 027,717, ; medMarW <n J technology, none discuss the electrostatic 

mther^eofLJ.Spangler/and^No^S £' ^jf^Wi*.dHi««dS 
Feb. I7 1988, in the name of L. J. Spangler^dK^ ff^t. ? S "S Stt ? tt * a «"or forSTs(5 

rrmto^te^^- ^ ^ to ^nd fnt! c^SSS?? ^nned integrated^ 

r nned integrated circuits and solid-state devices to »« a ?f otrorac devices to an insulating substrate, 
plating substrate using electrostenTboS On s^Sc^H?^ ° f Pr6Sent » v «»«on is torS^ 
searches revealed the following. U.S. Pat. No3J97 278 eo *^^'f m -<*«>**lX°r circuit structure Udng^e! 
panted m 1968 to D. I. Pomerantz disS tte dec! ^P^^ conventional integrated cixfui^r 

Mtn^ct^f " f " r^ductorT^o^" ftLST 1 .^^ Ano^er obS^f 
uirnc circuit to an msulator plate, such as onafte <rl ae . P'* 5 ^' tovent,cm « to from a fully-inrecratetl sensor 

SStt.** * i«»7TS rJStTStt vlce^i 1 ^ r sohdiate ffiiSeT 

Wf - *° ndui S «veral sfficonsermcondnctord^^to « ^ ^ ••^crjajnU wafer which has an active re- 
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Yet another object of the present invention is to pro- physical contact with one another and then applying an 
vide a method of making fully integrated SOI sensors, electric field which extends across the angle-crystal 
including at least one transducer and an integrated elec* substrate including the circuit structure and bonding 
tronic circuit on glass. Still another object is to provide means thereon and at least port of the support substrate, 
a technique or mechanism to ensure that active semi- s The method preferably further comprises the steps of: 
conductor devices in a fully-formed microdectronic (e) forming as part of the banding means, at least one 
circuit are not damaged when electrostatically bonded layer of conductive material dielectrically insulated 
at high voltages to a supporting substrate. One more from one side of the circuit structure and electrically 
object of the present in vention is to provide an efficient connected with the single-crystal substrate; (0 provid- 
manner of processing SOI devices which utilizes a sin- 10 ing as part of step (d) electrostatic bonding equipment 
gle processing step to perform two or three important including first and second electrodes, with the first 
functions, including dielectrically isolating electronic electrode being positive charged and placed in direct 
devices and exposing previously prepared bond pads. electrical contact with the single-crystal substrate, and 
«ttmmapv np tup risA/RKmnw second electrode being negatively charged and 

SUMMARY OF THE INVENTION 15 placed m ^ rect electrical contact with the support 

In light of the foregoing problems and to realize the substrate; and (g) as part of step (d), establishing for at 
foregoing objects* we have created the present inven- least a predetermined minimum amount of time an elec- 
tion, which has seven independently claimed aspects. In trie potential between the first and second electrodes of 
accordance with a first aspect of the present invention, at least several tens of volts. 

there is provided a microelectronic structure having a 20 According to a third aspect of the present invention, 
plurality of electronic devices, comprising: a solid state there is provided an integrated solid-state sensor corn- 
circuit structure, a support substrate, and an insulating prising: a solid-state transducer structure; a first solid- 
means disposed permanently and rigidly between the state electronic device; a support substrate; and Insuiat* 
circuit structure and the support structure. Theinsulat- ing means disposed permanently and rigidly between 
ing means is permanently joined to the circuit structure 25 the electronic device and support substrate. The trans- 
and electrostatically bonded to the support structure. ducer structure has at least one electronically detectable 
The circuit structure has at least two distinct electronic characteristic which varies in response to variations in a 
devices electrically mterconnected to one another, with physical condition present in the local environment of 
each of the devices having at least one active region of the transducer. Also, the structure is made at least hi 
single-crystal semiconductor material formed from a 30 part from a first layer of single-crystal semiconductor 
common layer of epitaxially^grown, single-crystal semi- material. The first electronic device has at least one 
conductor material The insulating means includes active region thereof formed at least in part of the first 
therein means which enable the insulating means while layer of smgl&crystal semiconductor material, the 
permanently joined to the circuit structure to be elec- device also has first means for electrically interconnect- 
trostatically bonded to the support substrate without 35 ing the device to the transducer structure and second 
subjecting the active regions of the devices to damage means for producing an electrical signal which varies in 
due to the applied electric field. The insulating means response to the electronically detectable characteristic 
preferably includes first and second layers of insulating of the transducer structure. The insulating means is 
material and a first layer of conductive material located electrostatically bonded to the support substrate and 
between the first and second layers of msulating mate- 40 includes therein means which enable the insulating 
rial One of the layers of insulating materials includes at means while permanently joined to the electronic de- 
least one opening therein for enabling direct electrical vice to be electrostatically bonded to the support sub- 
contact to be made between the first layer of conductive strate without subjecting the active region of the device 
material and the common layer of epitaxially-grown to a damaging electric field. 

single-crystal semiconductor material, so that an elec- 45 According to a fourth aspect of the present invention, 
trie field can be applied principally across at least the there is provided a method of making a fully integrated 
second layer of insulating material during the bonding .sensor comprising the steps of: (a) providing a crystal- 
step* rather than across the active regions of the elec- line substrate having at least a first layer of epitaxially- 
tronic devices. grown, single-crystal silicon senoiconductor material on 

According to a second aspect of the invention, there 50 side thereof; (b)fonnmg at least partly within the first 
is provided a method of fabricating integrated semteon- layer at least one transistor including at least one active 
ductor-on-insulator rcicroelectronic circuit structures. region of single-crystal semiconductor material; (c) 
The method comprises the steps of: (a) providing a forming at least partly within the first layer a transducer 
single-crystal silicon substrate having a solid-state cir- structure having at least one electronically detectable 
cuit structure formed on one side thereof, the circuit 55 characteristic which varies in response to variations in a 
structure including a plurality of substantially fully- selected physical condition present in the local environ- 
formed electronic devices electrically interconnected to ment of the transducer structure; (d) providing a sup- 
one another, with each of the devices including at least port substrate; (e) electrically interconnecting the trans- 
one active region of single-crystal semiconductor mate- ducer structure to the transistor; (Q thereafter forming 
rial; (b) providing a support substrate substantially 60 electric field control means for selectively directing an 
thicker than the solid-state circuit structure; (c) perma- applied electric field away from at least the active re- 
cently forming adjacent to the circuit structure bonding gjon of the transistor, by depositing at least a first layer ■ 
•' means for enabling the circuit structure to be electro- of conductive material over at least part of the transis- 
staticaUy bonded to the support substrate without sub- tor; and (g) electrostatically bonding the crystalline 
jeering the active regions qf the devices to a damaging 65 substrate to the support substrate so that the field con- 
electrostatic field; and (d) electrostatically bonding the trol means is disposed therebetween, 
circuit structure and support substrate together by According to a fifth aspect of the present invention, 
bringing the bonding means and support substrate in there is provided a method of electrostatically bonding 
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a*b S timaallyflaiy.fo rlaedsolid<toteel . 8 

devieeiVrn r,™.:- region of the electronic *"™*r jayer or conductive material and semi-ft^ 

uver tne lust layer of conductive material <X that + JT „ adjustable capacitor Tli* c*™; n ^TT™ pJates of 
ft* of condactive „«S *5K£ ££S «t oStS^S? * 
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FIG. 8 is a composite view showi™, h. »„ , 10 «»nmonly «S£S£££ V of ^ ^ now 

ture turned npad^oWtot^Tf the 11 F1 °- ' »t™c- rcsirtant ^^ ora ^' ^""P 

bonded thereto; and electrostatically epi layer 44 of itaSffi n .* el ^ region 42 and 

FIG. 9 shows the bonded glass and sfli^ , ^"^^^tyne^ 
Structure after the Pin oTT j- ^ S^con wafer 15 42. Such rfrv™n»<> i W dopant in the bulk region 

metal formed on lO^SSdSS^f^^Ot 2Q.^ s ^^T^^^?^^otBccaeromtt er 
FIG.lOshowstheHO?^^ 8 ^ 1 ' 5 ;^ ^^vennS^g^f^f^y^wn above 
«ep where the epitaxial layerT^n^- f ■'f hln8 20 desi «l tWdoiess, s ^h « fi^t^ ^ ofwafer « to a 

. same manner ^ i 1 * 68 *"? S£aSOr made m 35 toft™ £2^2W Uy6r 44 ^"eh opening^ 

^ofthepre^s^ * & J^J?£?2^&<*#*- . 

RAILED DESCRIP^ONOFIHE -^^44°^^^^^ 
The various aspects of the . dependent noon t^*£3!.7^ ^"doped region 56 is 

the completed acceleron»t/» ^ ^ . 1-10, ^ d °e usedin nlaceof tul^I-i 5r ej - ut - os Process, may 
view in FIG. 1L 1TO M i* 0 ™ * f 08 ^ in FIG zTnew^? ^V™? 1 1 thr0Ush *■ As shown 

ve«liona] circuit symbolTS ^ sur *<* « of the%>?& 'fi^K* fT"^** 
clndesa solid-state circuit str^™ Cter ™~ conventionally natter™* ^°£ e ,ayer « toen 

«^y-ai«ercc«nected^^^ M ^ gt,welec - 55 acid to form^^S"!? buffered hydrofluoric 

parallel-pkte caiSX^rfT?* 30 mclHdin S » ^yer edge 74 0 f the opening in 

plate 3« is a semi-fte,iM*ifr CU " while the bly about 50-7ft ~ nanometers or more, prefera- 
heavuydj^ S£5S£, ^ mcmber forai ^ of 60 con 3W to^mo nsm ° metos *><*- A layer of polys^- 

001 the clecw2^^„r^ P ^ e,Xt f lvcn «'<>° resides. and M Thf F^~° 2 P 5 *^ to f °™ mesaTsW 86 

■^teap^wcX^g^?^™ fa ^ton.unplan1edaTa1u^.f M ; ra ^ horous 
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As indicated in FIG. 3. the structure #%f mr» ■> i *t,^ 12 

' ?&^£^™^^<^«#^ l^t?^, 9fl0 f transistor2 «-^»"« portion 

a first totertleleotric layer 100. If desired, the thickneS rerion^?^ the gate 88 and drata 

of msnlatmg layer 1110 can be increased through chcmi- [S? ",^ the t™«astor28 to the bond pad 116. Po£ 

«1 vapor deposition (CVD) of sflicojf^deV Sn 5 T 130 ' and sections 138 of iwercomiect 

^^roplHJspl,^^ ^^^^Wofintec^S^ 

portion of layer MO can be obfliaed without addiS ^.^f m P°«*°» mechanical funS that 

and annealed, and it is a staple matter to add oxyee^to SZ&Z?**** °, unnccessa »y deflection or mechan- 
ic nitrogen atmosphere during this ^Z ^v 10 St^L* 5 * Ft* ° f the ****** tondu«^ 

,?^ e T^^ tetoad ^e a< ^Sujato^; SlSiffiW- by ^ 41,6 

in? £5f ^ et ? ,al 34 P" «f *e insnlaSr ky^ b>lS£f i 8 " 050161 " nun,ber of contact points, and 
? C fever 100 can be made to «y mZSSLS^.?"*? ^ K ^tly rtove the 

deated thtckness. Second, the CVD portion of theinsu- ^ • ^ * ta devices, such as tite 

^kvermayserveasa.ircbaeioAl^ ,S 2SvSf fc* V?*.*** 144 of 2«an^ 

against contaminants such as mobile sodium feWS SSSffiL V^S? n0ted that secti «« 136 and 14* 
could otherwise damage the desired prSnftl? fil^L *? 8 ' are m «= "gh points on the over- 

transistors 26 and 28. h this rc^^ siUconlSrUe fa^n 2Li 'SI??.?". *" * ITk polystoon £ 

espeaally effective mobile ion terrier. ThfijflTeS ffiKJ 5° Section 144 ben «* 

fonnal properties of such a CVD layer provide a plT 20 m i» S ^Va* JFC** 1 to ****** section 
rmngftaction which helps reduce steD^verLeSl """""feed the htgh point in its area, which hd« and 
lems in the deposition «/!*-*JR5 B T8aft ESSS 0 "-?* ^KStH 

^V^^^wOiel^S^^^SS^ %3&* f'^w^ronic circuit 350 and oTd^S 

to form platinum sffidde. Ihfe is n^ £ tiSSS 30 S^." 1 ^ 4 - has <>«» fabricated asde- 

it lowers the resistance of the dectrical^on^^X ^ ^ 0ve standard VLSI fabrication tech- 

*ourcc and drain regions, and kSk^Kfi^ Sf 4 "** those skilled in to art^l 

bond pad 116 to be formed. The lWStoS2?iS oTS^T- dozens to 

shown beneath the pad 116 is not neWarytfAeetrf, £ f "Z? h 150 be fibricatedon a 
antaubsequently osed * etch aw\?1te K^^^ 

^SM^ ^ metal - However, if the m«al of eoS^ S a ^ fJ^°T aato °*** VLSI wafer testing * 

After removal of the photoresist used to nattem inai ^?fsSi ' I S ^ OTS which have a aon-working cir- 
lattag la yer 100, a layer ^130 of mter^eSeriX SfP H d ? Mnto * whfle senso » ^OhS 
deposited and patterned as shown in FKJ?4. LiyerlBO s^v^^J^^ *«^<«** P"»lMy «D ta 

m^-temperan.rrre^^S Jfe*?*?'^' ^ Ae nWeroe^. ^ 

or ptotnmm, doped polysilicoo o?a re^orTmS to lr^ Cr 3,6 then coated with a relatively 

abode. Doped amorphous silicon may ahobL ^ Si 10 ?' more microns) composite layer of 

above 600 degree C will cause the amo^ho^ic^ cTiJed th?^ w Vi ^ ? yer «»^mem^ 

torn to polysdicon. Aluminum cannot bk used for layer S.k.S™'?'' 1 ?*" layM - ***** «"ven- 

130 smce aluminmn can only withstand 450 ^SJ^C SSlT^!^* etched to provide an open area 

for a short period witbopt forming 'u S2S?£ aS2K^^ ,n 56and electrical contort 
ff»dms euteetic with silicon. EvL the eb™^ 55 S,i^° n a bove pads 128 and 14<Sby a sub^nt 

bonding process which will be sub^uendv d^r^ ^d^ve layer m ^ of^^ 

with respect to FIG. 8 U typica^S telS?- T^T^^ 0 ^ tf **»iK2SK 

tares around 450 degrees C. W higher. TnZ ^ ^^L ^.^^ ° r si,icon dioxide may be first 

of a high-temperature metal siheide that can nSdn 60 tial hS,?« ^ ? diffilsioa barrier fojpot™. 

ohmic contact with silicon even when it tiai nnpunties. Silicon nitride fa preferred for thfanur. 

fmher high-temperature pZZ^sSaS? 3S n^bi,^ 10 ^ f ^ prevent Sg^oSo 

may be used for layer 130. the processing of wWehfa mtfj£5L%j£?^* M least 50 manometers and is 
desenbed m S.P. Murarka, Sffiddes For wS/ TSL 200 to 500 nanometers or more thick Silico- 

Hm Academic Press. nTw ySJS^ 65 £SSSt S ^ ^ ^ ^ ^ 

cr^1^*L P ^ on " 2of ^rl30el«trically d^aS bvt«^|^ ° f the Sflicon therein fa 

connects the doped cantilever beam re gion S6 to th^ 
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Other glasses containing silicon which form a barrier to The electric field control layer 170 can be advanta- 

mpbile ions, such as silicate glasses including borosili* geously utilized in circuits simjlar to circuit 150 to pro* 

cate glass and BPSG may also be used for the diffusion vide a ground line or plane for transistors and/or other 

barrier. BPSG is preferred in that rt helps the most to circuit elements if desired. Selected parts of devices and 

planarizfi the layer 160. The various individual layers 3 circuit elements could be connected by interconnects 

within composite layer 160 may be selected in thickness passing through vias in layer 160 to accomplish this (not 

so that the composite layer has a coefficient of thermal shown). If used, this would help reduce certain parasitic 

expansion fairly closely matched to that of the silicon capacitances of the individual device elements within 

epi layer 44. One possible combination is SiC>2* SijN* circuit ISO, and also would reduce the influence of stray 

and SiOz arranged to have a ratio of thickness of 1:2:1. 1° charges induced by alpha particles. 

FIG. 6 shows a layer 170 of conductive material Finally, as shown in FIG. 7, an insulating layer 180 is 

deposited on top of the layer 160 and patterned so as to deposited over the field shield 170. The thickness of 

not intrude upon open area 162. Layer 160 is preferably l* vef VO may range from 0 to 2000 nm or more. In 

kept Fairly thick so as to minimize parasitic capaci- ether words, the layer 180 need not even be used, but 
tances between layer 170 and the electronic devices of 15 . preferably is. A planariang insulator, such as BPSG, is 

circuit ISO. The conductive layer 170 makes electrical preferably used in order to smooth out the topology of 

contact with metal pad 14$ through opening 164. The ^rface 182 of layer 180 and to provide any addi- 

layer 170 may be made from any of the materials from tion ^ thickness desired to obtain the desired height 184 

which interconnect layer 130 is made, and may be 100 between surface 182 and surface 68 of the epi layer 44. 

to 1000 nm or more thick. Conductive layer 170 acts as 20 J* 1 * 5 deP 05 * 4 ^ kyer 180 is also patterned so as to not fill 

an electric field control layer which helps protect the ^ region under the beam 56. Although the 

integrated circuit 160 from adverse or damaging electri- surface 182 of ^yer 180 should ideally be uiu?onnry 

cal Fields during the subsequent electrostatic bonding ^ootb 35 shown in FIG. 7, those skilled in the art will 

step. During electrostatic bowling, the layer 170 is held m^aau that there will very likely be some uneven- 

at about the same electric potential as the silicon wafer 25 ue ?! 40 ? c surfece * flatness is difficult to 

40 on account of the electrical connection made achieve. In other words, it will have a topology roughly 

through contact 128 and numerous other contacts like ^ Ttapq ^%SL <* berrying materials, as 

contact 128, strategically placed about the wafer and Z*?^™^: xrtn o ^ *■ 

which contact the epi layer 44 By providing one or 30 y 

more conductive paths through which the very small 30 * t ^^^ t ^jJ^? ded to a ato : «**«a or 
electrical c^ents^uu^dfor eleaxomtic Zrtimg 

Sme^a^^ 

ISS^^rt^* t ^° f -? Cr< ^ contact theaur£ace20*2f £. suS lWrnXo^- 
i *^£™^Y C ^™£^?*? U ? 35 tion^birt instead wfll otufcoLtact it in selected oca- 

'^^°W5. a?ld TC ^° CeS ,*? deCtn ' tioS namely the high A as loc^o^Z^m 
cal field ^moad \by the active regions of electronic ^ m of ^ ^c^bu^y^^^ T G 

^^S^tv IF??" ^tive La of the suSoTfETs 26 andTfc 2t 

-Si0 2 interfaces of the ohannel regional42 and 144 channel 142 ^ 144 adjar^t the gates. 

ffi'^^T^ f **** ^JS? 40 »■* gate^ons thereabove hivTmtercoE 

^oiisl36and ^disposed thereoii, in addition to the 
between the epi layer 44 and the layer 170, are prefera. poiysihcon gates 86 and 88, the points 194 and 196 are 
bly located at ama^um distance from sveh active of being among the high^inteof theplanariz^ 

regions of the FETs. Although the h^hUy-doped epi in g iayer 184. Thus, high points^ and 196 wfll be 
region is only mildly conductive and cannot support 45 fh^y pressed against and bonded to the dass substrate 
much current at room tenmerature, the degree of con- 190, thereby helping to avoid mechanical stress and 
ductmty increases greatly at the devated bonding tern* strain upon the active regions of the FETs 26 and 28. 
peratures due to the thermal excitation of charge earn- The high point 192 helps ensure that the anchored end 
ers into the conduction band of the seniiconductor ma- portion 194 of the beam 36 ia well-supported. We esti- 
tenal at those temperatures. Thus, current flow is 50 mate that only 5 to 25 percent of the overall area of 
readily directed to the contacts 128. Hence, h is unnec- layer 180 need be bonded to the glass 190 in order to be 
essary to make a low-resistance r<»m-temperature dec- suitably supported to avoid stress or strain that would 
tncal contact with the layer 170. adversely affect the quality of the single-crystal semi- 

For convenience, we sometimes refer to layer 170 as conductor material of epi layer 44, and thus the perfor- 
the field shield since it prevent or greatly reduces the 55 mance of circuit 150 or devices therein. Accordingly, 
portion of the applied electric field during the electro- distributed portions of layer 180, and indeed portions of 
static bonding step thai is felt by the active electronic the field control layer 170 thereabove, could be par- 
dwees of circuit 150. However, layer 170 does not tially or completely etched away without seriously 
actually shield the electronic devices from sensing any affecting the structural integrity of the completed sen- 
of the applied electric field, but rather it, in conjunction 60 sor. Such etched away regions of the layer 180, such as 
with contacts 128, serves to provide a control means by region 197 indicated by a dotted line, might be used for 
which the applied field can be re-distributed across the providing clearance for partemed conductive leads on 
insulating layer 180 after having been safely conducted substrate 190 such as lead 199 indicated in phantom, 
around the sensitive regions of the electronic devices by Insulating substrate 190, or similar plate glasses with 
the substantially vertical current paths through contacts 65 . a coefficient of thermal expansion very closely matched 
128, indicated by dotted lines 183 in FIG. 8, For that to that of silicon semiconductor material, is preferably 
reason, it is technically more accurate to refer to layer high-temperature Corning Code 7740 or Code 1729 
170 as the field control layer. glass which is transparent and is preferred as the insulat- 
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iag substrate material so that a relativrtv t*^^^ ts* * ^ 16 

Code 17 29 glass is recendy^SSrSe^ duS u5rLL S ? e ° n »-S? 

earth alununMflicate glass that has an anneal poin t of ?w i^,,^'^ m P e * ,Dre Sensitivity." IEEE 

™ Which pwcess temrlnSres 5 ^S^^f^^'^^allis 

nwybe limited to about 800 degrees C to avoMotW !L r J^f ld : As ! ,sted Glass-Metal Sealing," Journatof 

problems related to defora^tion^tte 3 ^ ^ ^ ^ F^T/ 

d ^SP^cessfag.Thistempe^^ ^K^!? 1 ? 1 *°cess For SuiconlSec: 

the activation of wn-implantod dopants, should such 10 ,t?Jt 67 .~\ 671 < Au 6- It is worth noting that 

expansion coefliaent of silicon, better than Code 7740 *uJm ^ ° Wer eleclrode 212 at the backside 
glass, which helps ensure that sUicon Films bonded t^ £l!liX s ™ $trate B V ^g one or more such 
will not experience mechanical damage or stress due to i < feJTSr " k nec «sa»y in order to safely ber- 
^^peratin-eproce^ 15 t ^fl^^^S^P,u>^ t Z^y 

mg to room temperature. Code 1729 elass is alkTli ^ ^ crystalline wafer 40 m order to make 

glass Which further helps ■wJZ'SS?S > SS ZStXt t^ 00 "" 4 ^ 
momle ion COTtanimatibn. An advantage of Code 1^ ™f A . * C fifiM co >rt«>> layer 170 need not be 
glassimdofC^^g^^ 

abfeM plate glass form, which * ^ LaSieS W! 
ircred to alter^^ ^ be p rovtded m the field control layer as lonT£ 

as ondfeed crystaltae sfocon waf£s. fmm rtf openings were positioned laterally away 

Pnor to the electrostatic bonding steo a nattem«i a£ • *r ve "S^ 08 of semiconductor devicel 
Plate 34 is formed on the glass 190 1o TSesS 25 2S?22^ * field ^ ^»3S 

fteferably, a composite structure k used to form nllfr aT^,. * e mesh were not too large. 

UyermofgoliThecnromelayeristySryl^t ST 4 3 rf th * ewtaUine wafer is removed 
IOiianometers thick and is used to acMe^^S ™ EP"*" 3 ' by . ^ rf ^ntialMc<m etching, whichfaSwenl 
*bere»ce to gfcss ^ 2M JJjJ 30 Jj^affl^T^ •W'K 

metal and docs not adhere to glass vary well. Ttelold m« J!F~ ? ^oped n-type silicon semiconductor 
layer 202 » typically about 300 imZ,«ters oTnfore XtaiL 0 ? !T? le ? tchant * * * 3 * ^ of ace£ 

thw^ /T ,,,ad?sign cb ^Th Ca forenieSed 35 bSSM^^*^ which is 
^<*°ff of ^ gold layer 202 is prefen^TwnS » t^ZEZSP^*? ° r ,ess > wWle etching 
^cmocompression bond, which isMbsequeuS^ ttTbulk ^ f 00 * ^» 

fnd thoroughly cleaned, preferably by a^pfc^ctea? ™v ei ^^*«atechoVwat e r etehant (EDP) 

jngs^we,,^^^^^^^^- s ^ y ^ n ^«^.«ch^Tlu,e^tefie^ 

The top layer 180 of the FIO. 7 structurcisA^ n Sttch a buned 'ayer due to the difference fa 

on ib, .polished cleaned surface d Tf^^ V ^ , 5 of ^ ^ 

32, and this unbonded composite StructolsKd faa ^"Z?**? ^ ^ buri ^ stop K 

converitio,*! efcc^ ^ ^otrepjoetchant solutions which could als^be 

paratus 210 includes suitable eKdS^fdeclril EM" 0 '* 801011011 ^ remb^g hSlyl 

^ y ^^ g *^ fe ^a<^o^^assS S^™^ 1 ^^ 8 ^^^^ 
jtote 190 and the back surf«^ 

40. It also includes an adjustable high-voCe DC wls^v^ 1661011 ° f ** Conductor wafer 

power supply 218. The electrodes 212 may b« ffladeof 2dri ffi2V£ ep, ^ aI ,ayer 44 reBains - ™* epi- 

stamless steel or a refractory metal such J1n™ ybdt n^l^S. • IS - hen thnmed P«P»^d for Farmer 

m^^gstenorlmownall^ft sUu, ? rd ^emlcal-inTchanical S 

■ncludmg the circuit structure 130 thereon^eWooH 55 ffl^!^™^- ^ cb V**** 

substrate 190, and electrodes 212, are en hL^d^l at theeteh «°P between bulk region 

temperature near but below the anne^HnTtSof ^,1 ft an li ayer *♦ Md Prides a lugh-qoahty or £ 

glasssufetrate^ andas*^^^ A^^?? snitabl J for the subsequent processhg^~, 

approximately 800 to 1200 volts or more, fa aSdlS ^pependmg on the type of doping orbulk^eXTli 

sppro^at^ ^ minutes. t££EZ SSSS 60 S^JL** « ch ^P **3S "2 

layer 180 and the glass 190 that k irr^vo^iou „ j single-crystal sihcon semiconductor laver id K a „;„„ ' 

^ a 11 ^ fieId layer i70 m^ b^££ ovt ? *^ theiB » j,y ^ « 4o*ed 

»0 ) Further details of the electrostatic bondme Pro- N*« ^'^nmOy SO to 500 nanometers thick, 
trostatic bondmg process « weU-known. S^.g., U^. £^J^&t£&t^3££ 
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electronic dev^ES h^S?* 0 U( * Uion bet * cea boSe St Jl ""l*"***! of obtaining 

■™«*«ft2ffi^ to for^S SSw^ Steps " **** 

to change* in a^eration. ' 0311 reSpo,ld 20 150 or transducer 30 ^^ M2a ^ cont act with 

f-^d^n^^ 

density, it may be oeoeggaryTorf^ ^ ^ tow ^toalexgerecta^J^* ££ y ftq,B these 

mass to provide, aWtte'^d^^ ftm ^ r rectan ^ a 'l^l««^2^MK^h^ r ' a " ^ a * m "' ar large 

pattenied^S Is? r«m 274 e^eadi^j!^^ 2 <^ec^d to trace 

ad^fcnalm^^tfa^^^^^ ^tW* Traces Si 5^^^ fto 

dynamic raJe&M 2 .°**°°P«?teovera wide 5S brief^dMcrftedPW^ ?"* and hence be 

bytb^sSledfo^^^^^^^derstood a vartety rf^Or^ a T^^ My te « 

. *«ea jun. 1987 ( m the names of 

■« 

3fv^. . . - 
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SET'S: V,hich eonId ««»y »• * «P««tor Lso- SL ^r 1x5 » tilized to fabricate many 
«ated with an aceelerometer. The time rtqnircdUo SZZl T ° f Jf"* 1 difr «ent transducer 

charge, he capacitor to a certain prede*emffiSs£ StE* ra «? bte *PPK««k>n, of thepresent W 

oW level provides a reasonably iUonrtefadfaSl 10 Tl ^ t ! Aerometers of the piezoSesfative tyre 
*e vafce of the capadtance at that brLftS^J of ££££ ^ prcS ^ e » ^ft* 

depends upon the value of its capacitance Or and the **T£J^ temperature sensors, among others. Since 
reastance of transistor 28, which m a^u^est Z££2FZ**' be e * m *&* * "4 fcsS, 
tor, assuming transistor 28 is made considerably Ser 15 wwST^L "^P*? ? f * P 8 "™** is also feasible! 
i^^^U^t^ami^SS^Sk ZntlFTZ,??? ^age" can also bTco?: 

high, so as to render FET fully conducting The voltage ^L^fp^ bonding structure and fabrication tecfe 
the increasing voltage across capacitor 32 Thus, the 20 ' SSto3^ , Cn S? lry * Mefly on " chi P the 

As will be appreciated by those skilled in the art is flSLSw? 6 chemic ?J snch as ion-*ensitive" 

«fl readily appreciate that much more sophisticated SSff J?*?* and I**""*! silicon 
and accurate integrated circuits may be employed in the MQK^rrVST 1 ? fabnca, ion Processes for ^-channel 
circuit structure of an integrated se*or made m MOSFETshave been presented herein, any otheTcon- 

P W-f! MF,WB Aerometers may be used 40 iSd « * present invention and are visnal- 

FIG. 13 is presented to illustrate, in conjunction with !5 7 e ? ens «»» of the structnres and/or 

fIG. 10. another fulry mtegrated s^Se fLf*? herein - ^ P"*ent invention aDoro 

invention, namely a y cap2^p^ re sentS ^e toZZSZ^S**** Md ^SSS 
^portion of tl* sensor may^ XStaSiL ^P 1 ™ 111 ^ * infinite number of 

the completed circuit ISO fflustrated in FIO 10 Tfanf « S^^f ° f ? rcwts ^ transducers, which re- 
the structure 300 shown in FIG. ^represents o^^the' edenteiTf^krr* < ^ s ^* BS ^*i cn " 0n8 and allows unprec- 
pressure transducer portion of the £g£ f ** of dielectrically 

corresponding to the section taken along Times 13-J3 ^„ e aT^ ? Clrcuits °« insulating substrates, 
uuhcated in FIG. 10. Instead of the^eSSoed sSiJ ^j*™?* ***** ^design of a 

P++ single^rystal region 56 being a b^, fc fee2 50 o^E^^^ c5rcuit or to behighly ' 

toged in width and length to formalenu^bfe^C *?ESt. i"* T** a PP Hcati on. 
36' for the pressure transducer. The^ s^ruS u^LT^^f of also may be 

«c«cles the periphery of the free portu^TA^ ^^t^T^^ 0 P ticaU y transparent glass 

308 under plate 302 may be hermetically seated byhav^ S3 ^ Z* 1 SUch J ?s ^tive-matrii liquid crystal 

mg an extension 310 of the stationary pla*34 pTs, Z- foS^^° V ^! nlethod of * e K««t "-ventioAfor 
derneath the planarizing layer at location 312 t^, »°nnineSOI circuit structures may also be used to ftbrt. 

^dreanmgular bon^ ^secr^o^ ^.teSS ^ ^electron^clreSS- 

276 show^inFIG. U. Orcuk 150 of the accellro^eto SS^!* 1 ? char ^ e ^rage. Since SOI 

shown m FIG. 10 could clearly also be ernXSTwUh 60 l*Z^^*? i ? W ** lad **' iPWleatogecutrems! 
the transducer section 300, ^ultinf fa I S-S riST^f d f™* include dynamic MOS 

grated sensor. Any conventional or Nibble 2£fi£ ^^shZiMK ** DRAM or imaging devicessuch CC^ 
for formmg such a hermetic seal known ^o thcS the Sf£ ^ "PP™ 0 ^ *c foregoing processes, 
^ t T^^ F ^^ T ^^^o^%^. tl&JZTZJS* f^odiments ar? well^uited to 
Steucbondmga^herinetic^gofapres^s^r 65 S^Hl S^^f 8 *** statod - h * "cognfeed that 

K. D. Wise, "A B.,*™^ ^ ^ - rr^^^^*** 
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ticiiWin^,?! to ^ Slze ^ necd * of the par* 
films and ImS™TET?* the „ v " no «» substrates, 

£55*2 ?5£S M transparent «£ 

« al^Sk^S^ ranUmberof plications. It 

bribed laS ftafeS™. ^ » 
film 4+ bonded in the a^e-crystal silicon 

an ^tmg MtetaSf«?i a conductive substrate, 

«i«Mffifl25^i?3ff^ Snbstrate ^ 
Ac«3rfy T£ £ * y £^^«u°«esideth«reo£ 35 

" Sb ^ ce ,lavfa S « l«st two dis- 

^nct electronic devices electrically iuercoimected 45 

"S^* 0 ? 1 «m««IUB of inirecrys 
a snpport substrate,- and 

"^n^means disposed permanently and rigidly 
22T« * e - ar ? ,1 f structa "> the supportsub- 
^ »*> **»S ™*ns being Xne^Iy 
bS d to t ! h 1 h * CW ^^ re ^eI«L> S t a tic a ll y 55 
S2 1 ^"W, including 
"f"* for enabling the insulating meaa f 

^toSSr* 35 m <• wherein: 
the insnlaung means for enabling includes first m h 
second Jay^ of in^atfag ^ Jrfal ^rSt a ?er 

first v. r „f y - , oflI,snIa tog material, with the 
tost layer of msulatmg material being disposed 
between the circuit structure and ttotot toyeTS 
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material so tlT! i &St Iayer °* conductive 

3 A nucroeJectronic structure as in claim 1 *uw ■ 
^sapport substrate is formed 2S?££g?5 

source and drain- & between its 

^io^c^?^^ « ^-*d from 
tory materiST^* ? f la *<**P**an refrac- 
tory material, semiconductor material, and * 
. bmauon of more than one mereofH* ^" 

4. A microelectronic structure a* in * t_ - 
the first layer of toJSZgZZS^}'?*^ 
W to at ^least several mS^SSSZ' 

SLJ and ""^ 30(1 0,6 ^ ectro ^ 

^fo™^ 0 ^ *"**"•« silieon-on-msnlator devices 
* least « Part in distinct mesas iofsS 

aolated from one another, and electricaUvjoined 
only through mtended conduction paths J 

f 'StET 8ted ^^te sensor. com,rising. 
a sohd^tate transducer structure navhTaSt on* 

response to vanations in a physical conditio*. 

^n a&stlayerofnnrecrystal lized smgl^crystal 
^o»ductor material formed fromabdtsSJ 

a solid-state electronic device having (I) at least me- 

first layee of smgle^rystal semiconductor materia? 

vice to the to the transducer sinwtnre? and m 
aeans for producing an elec^^aTSd^hiS 
vanes in response to the electroiik^lv^tectebte 
characteristic of the tnmsduccr st^ctar^ 
a support substrate; and ^ 

*erlhf '° ^'W* ^bstrate. and including 
wMe n^f 115 f ^ ^ ,in8 thc ^mating mean! 
to^L ^ Men " y i!f >lned to ^ electronic ^ 
to be electrostatically bonded to the support sub 

^^Lnli ectii : g ^ Soft 

aevice to a damagmg electric field 
6. A sen^r as in claim S, wherein: * 
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the first layer of single-crystal semiconductor mate- 
rial is part of a common layer of epitaxially grown 
single-crystal semiconductor material; and 
the insulating means for enabling includes first and 
second layers of insulating material and a first layer 5 
of conductive material located between the first 
and second layers of insulating material, with the 
first layer of insulating material being disposed 
between the electronic device and the first layer of ( „ 
conductive material, and the second layer of insu- 
lating material being disposed between the first 
layer of conductive material and the support sub- 
strate, and the first layer of insulating material 
includes at least one oi>ening therein through 15 
which direct electrical contact is made between the 
common layer of epitaxially grown smgle-crystal 
semiconductor material and the first layer of con- 
ductive material, whereby an electric field applied 
during the electrostatic bonding step is diverted 20 
from the active region of the electronic device and 
applied pnmarily across the second layer of insulat- 
ing material and support substrate, 
7. A sensor as in claim*, wherein: 
the support substrate is formed at -least primarily of 25 
glass; J ■ 

the electronic device is a field effect transistor each 
having a source and drain, ^nd the active region of 
^ tonxktQ* is a channel region between its * 0 
source and drain; 30 

a first layer of conductive material is selected from 
the group consisting of high temperature refrac- 
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tory material, semiconductor material, and a com- 
bination of more than one thereof- 

th sS5 fe^^ 2 ***** ic >udes material 
SSTLSSf of silicon oxide, 

silicon mtnde, aihconoxynitride and silicate glass] 

the second layer of msulating material includes mate- 
rial selected from the group consisting of silicon 
ojude, silicon mtnde, siliconoxynitride and silicate 

« i 8 " * "T 801 " m c,aun * wherein the transducer is 
selected from the group of transducers consist of 
capacity accceleromcters and capacitive pressuiresen- 
V!l PPOrt ******* * aiade ■* least primarily of 
^^^ setocon ductormaterial includes silicon as 

r r °comp P n™ y COnStoentS ' *« ** ^ucer fur- 

a solid-state electronic circuit structure for process. 

32 rlT 8 . 1 hom the •""""war arid including 

£^i^it tod * leaSt a Second 
■ device electrically connected to the first device, 

the second device including at least one active 

hnlrf ^^^^^^ 
bond pad means far enabling external electrical con- 
nections to be readily made to the sensor, the bond 
pad means mchiduig at least one substantially p£_ 
nar layer of highly conductive material disposed 
surface of the iiisulating means owosite 
from ^e suoport substrate at approximately the 
same distance from the support substrate aY the 
active regions of first and second devices. 
***** 
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